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Abstract 
Effects of TiO2 content in silicate coatings on resultant photocatalytic-degradation of SO2
were experimentally investigated. An in-house designed reaction system with simulated solar 
irradiation was employed to examine the degradation of SO2 (14 ppm) in batch. Various 
processes involved in the photocatalytic degradation of SO2 were systematically 
characterized, including photolysis of SO2, sorption of SO2 onto the coating surface, as well 
as photocatalytic degradation of SO2 by the silicate coating containing 5% or 15% TiO2 (of 
silicate solid weight).  Each experiment provides the temporal concentration trend in SO2 for 
a duration of 120 min and is repeated for 10 rounds.  Results show that photolysis reduces 
around 10% SO2.  Physi- and chemi-sorption together is responsible for about 30% reduction 
in SO2.  Photocatalytic oxidation alone removes up to around 40% of SO2 concentration.  The 
temporal trend of SO2 degradation remains consistent among the 10 repeated reaction cycles 
regardless of the content of TiO2 in the silicate coating.  A total of 71–86% of SO2
concentration is removed by the silicate coating containing 15% TiO2 following a trend of 
pseudo-first-order reaction kinetics.  The overall removal of SO2 by the silicate coating 
containing 15% TiO2 is twice as efficient as that containing 5% TiO2.
Keywords 
Silicate; Coating; Titanium Oxide (TiO2); Photocatalysis; Sulfur Dioxide (SO2); Air Pollutant 
2 
1. Introduction
Air pollution in urban areas can adversely affect public health and environmental 
sustainability [1]. While reduction of pollutants from vehicular and industrial emissions is 
commonly adopted by various countries to improve air quality, successful implementation 
often demands technologies which are economically viable.  Innovative construction and 
building materials may provide an alternative solution by enabling building surfaces to 
mitigate ambient gaseous and particulate pollutants.  This also advantageously equips large 
cities to contribute to sustainable environment. 
Several studies reported the degradation performance of titanium dioxide (TiO2) incorporated 
in building materials to remove air pollutants of NOx and volatile organic compounds 
(VOCs) [2–6].  However, no published research work investigates how building materials 
containing TiO2 remove sulfur dioxide (SO2); in fact, when building materials (silicate 
coatings) were employed with photocatalysts [7–11], these studies focused on applications 
other than removal of SO2.  Mitigating ambient SO2 is important because it is one of the 
criteria pollutants set by the US Environmental Protection Agency (EPA) and the main 
culprit of acid rains, vegetation damage, and building corrosion [12].  This pollutant also has 
a long standing role directly and indirectly causing respiratory problems of the public 
including broncho constriction and acerbated asthma [12].  In addition, SO2 is often a 
dominant precursor leading to formation of airborne particles that can degrade visibility and 
affect climate patterns.  
Although a handful of work examined removal of SO2, these studies employed TiO2 powder 
alone, or TiO2 coated on Teflon plates and glass fiber filters [13–17], which are significantly 
different from building materials such as coatings or concrete/mortars of high porosity and 
alkalinity.  In addition, the incomparable experimental conditions among the published work 
3 
studying photocatalytic degradation of SO2 challenges cross comparison of the reported data. 
For example, Shang et al. [13] reported degradation of SO2 of 4000 ppm over TiO2 powder 
under a primary radiation at 365 nm (5.3 mW/cm2, 15 cm below the light source).  Under 
similar UV irradiation wavelength but a weaker intensity (0.75 mW/cm2), SO2 of 0.2 ppm 
was neither photolyzed nor degraded by TiO2 coated on glass fiber filters and Teflon plates 
[15].  In addition to the light intensity, other parameters of different conditions employed in 
the individual studies, such as residence time of the reactant and relative humidity (RH), also 
affected the observed removal efficiencies of SO2 [15].  Hence, systematic studies which 
employ building materials incorporating TiO2 are needed.  
This work investigates the effect of TiO2 content in silicate coatings as a building material on 
removal efficiency of SO2.  When abrasion resistance is not a requirement, e.g. roofs and 
walls of buildings, incorporating TiO2 in coatings is superior to mixing TiO2 in mortars or 
concrete in applications.  The former is also more cost effective because only TiO2 present on 
the surface can be activated by light becoming reactive to remove air pollutants [5]. 
2. Material and methods
2.1. Test specimens 
The mortar specimens used (diameter = 52 mm, thickness = 12 mm) had water/cement (w/c) 
and sand/cement of 0.5 and 2.5 in mass, respectively, and 28-day compressive strength of 
45.4±2.4 MPa.  After moist curing at 28 to 30oC for 7 days followed by exposure to 
laboratory air for 21 days, all surfaces of the mortar specimens, except for the top, was coated 
with epoxy to minimize undesired interference (such as diffusion of SO2) into the porous 
specimens during the test.  The top casting surface of the mortar specimens was ground to a 
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smooth finish to obtain a similar surface roughness before silicate coating with or without 
TiO2 was applied. 
Commercially available TiO2 photocatalyst1 employed in this study comprises about 80%
anatase and 20% rutile with properties summarized in Table 1. The TiO2 was incorporated in 
a silicate coating in three dosages of 0% (control), 5%, and 15% of silicate solid weight. The 
dosages of TiO2 were selected based on our concurrent study investigating degradation of a 
surrogate (Rhodamine B) of airborne particulate pollutants, which shows that more 
particulates were degraded with increasing TiO2 dosages, but a TiO2 dosage higher than 15% 
did not significantly improve the performance. Hence, two dosages, 5% and 15% TiO2 by 
solid weight of the silicate, were chosen to examine the removal of SO2 in this study. 
The silicate coating2 adopted in this study had a solid content of 13.5% with a pH of
approximately 11. The TiO2 was homogeneously suspended in the silicate through ultrasonic 
mixing3 for 10 minutes prior to applying the coating mixture on the ground mortar surface for
three layers. Each silicate layer was coated onto mortar specimens and air dried under a
temperature of 22oC and RH of 50-60%. After drying for about 3 hrs, the coated specimens
were stored in a dry cabinet at 50% RH (22oC) until testing.  Roughness of the coated surface
was measured for individual specimens using a surface roughness tester4. The top surface of
the specimens was coated with either epoxy or with silicate coating (with and without TiO2);
based on statistical single factor ANOVA tests, the coating (epoxy or silicate) rendered
similar surface roughness ranging from 6.2r0.9 to 6.8r0.8 μm (n>10).   The SO2 removal 
efficiency of individual types of coatings was obtained based on three specimens, and each 
specimen underwent 10 repeated reaction cycles as described in the following section. 
1 Degussa P-25, EVONIK Industries AG, Germany 
2KeimConcretalFixativ (Concretal Dilution – FixativConcretal), KEIM Mineral Paints, UK 
3Model 300V/T, Biologics, Inc 
4 Model SJ-201, Mitutoyo Asia Pacific Pte Ltd, Japan 
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2.2. Reaction system and experimental procedure 
A photocatalytic reaction system (Fig. 1) was designed in house to investigate the efficiency 
of TiO2 in building materials on photocatalytic degradation of various gaseous pollutants 
such as SO2. The reactor has an inner volume of 2 liters, and was made of stainless steel with 
an inner coating of Teflon to prevent corrosion caused by acidic gas. It has a 10-mm thick 
borosilicate glass cover to provide high transmittance of light, and is equipped with a jacket 
of cooling water to maintain a constant temperature throughout individual experiments. To 
ensure that the reactor was well sealed, leak tests using soap water were carried out at all 
joints and around the glass at regular intervals during the course of individual experiments. 
A 1000-W Xenon Lamp5 was used as a light source (Fig. 1) to simulate the intensity and 
spectra of sunlight at 48.2o zenith angle, which is representative of average sunlight 
conditions in tropical and sub-tropical regions. A distance of 270 mm was maintained 
between the lamp and specimen to provide a light intensity ranging from 56–66 mW/cm2 for 
the full spectrum (250–2500 nm) over individual specimens. The intensity corresponding to 
365 nm was around 1.15 mW/cm2.  
An initial SO2 concentration of 14 ppm was obtained by mixing a standard SO2 gas6 with 
compressed air7 using mass flow controllers (MFCs)8 and introduced into the reactor at a 
flow rate of 150 ml/min.  The concentration of 14 ppm was selected to evaluate the effects of 
TiO2 content in the silicate coatings on the photocatalytic removal of SO2 based on the 
resultant photocatalytic kinetics for individual experiments. While 14 ppm is higher than the 
ambient SO2 concentration in Singapore, such an initial concentration of SO2 is required to 
obtain proper kinetic trends.  A separate study later should be devoted to assess the long-term 
5Model 91190, Newport-Oriel Instruments, USA 
6Supplied by National Oxygen Pte. Ltd., Singapore, with a concentration of around 110 ppm 
7RH < 10% 
8Model SLAMf50, Brooks Instrument, Singapore 
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performance of photocatalytic building materials under simulated urban atmosphere where 
how other airborne pollutants (such as particulates) affect photocatalytic removal efficiencies 
of SO2 can be examined.  
The RH in the reactor during the photocatalytic reaction is low (average ~2% at 30±2°C) and 
would incur negligible dissolution of SO2 in water, which is required to measure reduction in 
SO2 attributing to photocatalytic reactions triggered by the TiO2-containing silicate coating 
alone. While effects of RHs on resultant photocatalytic removal efficiencies are worth to be 
investigated as an independent study, the low RH in this study provides a worst-case scenario 
because little water molecules would limit formation of hydroxyl radicals and hence lower 
the amount of degraded SO2.  
For each specimen, the same procedure over 120 min was repeated for 10 times.  Among the 
published batch reaction of SO2, depending on the experimental setup (e.g., light source and 
intensity, etc.), the duration of batch reactions was up to 180 minutes [13, 14].  Although the 
duration of this work (120 min) is shorter than the general ambient residence time of SO2 (1–
7 days) [18,19], implying favorable feasibility of removing ambient SO2 before its 
disappearance through other processes (e.g., nucleation, wet scavenge, etc.), an independent 
exercise taking into account the probability of gas-solid mass transfer (similar to contact 
probability) and relevant atmospheric processes should be conducted to evaluate how 
laboratory experimental data can be applied to outdoor urban environment. 
For individual experiments, once the consistent light intensity and temperature (30.3 ± 2°C) 
were achieved, the photocatalytic kinetic reaction in batch with an initial SO2 concentration 
of 14 ppm took place by examining temporal changes of the SO2 concentration in the reactor 
over a duration of 120 min.  In brief, the temporal concentration trend of SO2 in the reactor 
was measured by first withdrawing 25 ml of SO2 every 15 minutes using a gas-tight syringe.  
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The withdrawn SO2 was further diluted using a dual valve kynar sampling bag9 and then 
measured by UV fluorescence SO2 analyzer10.  The specimen rested in the sealed reactor in 
the dark under constant temperature and RH before commencement of the next test cycle. 
To differentiate degradation of SO2 through photocatalytic reactions from other processes, 
photolysis and sorption of SO2 onto the coating surface were investigated.  Photolysis of SO2 
of 14 ppm in the reactor (without specimen) was examined in batch for 120 minutes. 
Sorption of SO2 onto the coating surface is expected and therefore examined using mortar 
specimens with two types of coatings on the top surface, epoxy or silicate without TiO2. 
Under the irradiation of simulated solar light, the sorption incurred on the epoxy coating is 
attributed to physi-sorption whereas the amount of SO2 sorption on the silicate coating should 
result from both physi-sorption and chemi-sorption.  If all the employed specimens have 
comparable physi-sorption capacity assuming that their surface roughness, specific surface 
area, and affinity to SO2 are similar, the difference between the sorption onto the two types of 
coatings can be attributed to chemi-sorption, which is mainly through neutralization of acidic 
SO2 with alkali silicate. 
To achieve satisfactory quality control and assurance for individual tests, the gas analyzers 
and MFCs were calibrated, and the light intensity was maintained at a constant value for 
every test.  The overall operational error was around 6% (n=27) of the initial reactant 
concentration, taking into account propagated errors from detection sensitivity and 
performance consistency of gas analyzer, multiple MFCs, dilution as well as, gas sampling.  
9Model 01410-54, Cole Parmer, USA 
10Model APSA 370, Horiba, Singapore 
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3. Results and Discussion
3.1. Photolysis and Sorption of SO2 
A small amount of photolysis of SO2 occurred with 90r6.6% (n=3) of the initial SO2 
concentration remaining in the reactor after 120 min (Fig. 2).  This agrees with an earlier 
study by Ao et al. [15], and is expected because single photon-induced photolysis of SO2 
requires UV < 200 nm [20], which is absent from our light source.  While UV 260–340 nm 
can cause loss of SO2 by exciting SO2 which binds with other SO2 at ground state to form 
SO3 [20], intermolecular collision with various gas molecules (e.g., O2) encourages the 
excited SO2 to return to ground state, diminishing the loss of SO2.  Since there is sufficient 
amount of air molecules (760 Torr) in our reaction system, and UV 260–340 nm of our light 
source contributes only around 4% of the total solar light intensity exerted onto the 
specimens, it is not surprising that around 10% of SO2 was reduced through photolysis.   
An average of 10 repeated tests shows that a total of 28% and 40% of SO2 were reduced over 
the epoxy and silicate coating, respectively (Fig. 2); excluding the photolysis effect, 18% and 
30% of SO2 was reduced through sorption onto the respective epoxy and silicate coating. 
Taking experimental errors into account, statistical student t-tests show that the sorption of 
SO2 onto the silicate coating is significantly higher than that onto the epoxy coating.  This is 
expected because silicate coating with alkaline nature (pH of around 11) would incur chemi-
sorption (neutralization) in addition to physi-sorption.  Since both epoxy and silicate coating 
yielded similar surface roughness and if epoxy and silicate coating surface provide 
comparable physi-sorption capacity, around 10% reduction in SO2 could be attributed to 
chemi-sorption onto the silicate coating.  
The SO2-silicate reaction can follow a process similar to carbonation as shown in Eq. (1), 
where the alkali silicate reacts with acidic carbon dioxide forming products with a higher 
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fraction of SiO2 in the compound (1st product, Eq. (1)), carbonate and silicon dioxide (Eq. 
(1)).  In this study, the potassium silicate in the form of K2SiO3, for example, can react with 
SO2 forming potassium sulfate and silicon dioxide as shown in Eq. (2).  If all 14-ppm SO2 
reacts with silicate, as a worst-case scenario, this would render a loss of 53 μg of potassium 
silicate corresponding to less than 0.005% of the total amount of silicate coating applied on 
the mortar surface, demonstrating negligible impact on the silicate coating. 
2(MO2) ·n(SiO2) + CO2o M2O· (2n – 1)(SiO2) + M2CO3 + SiO2                (1)[21], 
where M stands for elements such as sodium, potassium or lithium. 
2K2SiO3 + 2SO2 + O2 o 2K2SO4 + 2SiO2               (2) 
3.2. Effects of TiO2 dosage in silicate coating on photocatalytic degradation of SO2 
The silicate coating with 15% of TiO2 demonstrates superior capacity to that with 5% TiO2 on 
SO2 removal as shown in Fig. 2.  The overall SO2 removal by the 15% TiO2 in the silicate 
coating was twice as effective as the 5% TiO2 as shown in Fig. 2, taking together all removal 
of SO2 resulting from the photolysis, sorption and photocatalytic degradation by the TiO2-
containing silicate coating.  Based on all the 10 experimental cycles, in average, around 77% 
(71–86%) of the SO2 was removed by the silicate coating containing 15% TiO2 with less than 
25% of SO2 remaining in the reactor, whereas 50% of initial SO2 remained in the reactor 
when the silicate coating with 5% TiO2 was employed. 
To investigate how the TiO2 content in the silicate coating affects removal efficiency of SO2 
through photocatalytic reaction alone, photolysis and sorption of SO2 obtained from the 
performance of control specimens were subtracted from the total reduced SO2 as given in Fig. 
3 where the y-axis shows the SO2 remaining in the reactor.  It is worth noting that since the 
addition of TiO2 decreases the amount of silicate coated on mortar specimens and resultant 
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chemi-sorption, excluding the maximal amount of sorption obtained from abovementioned 
control tests (without TiO2) would result in a lower bound of efficiency (conservative result) 
for photocatalytic oxidation of SO2 triggered by TiO2 in the silicate coating. 
Regardless of the TiO2 content in the silicate coating, the TiO2-containing silicate coating 
shows persistent photocatalytic capability among the 10 repeated reaction cycles (Fig. 3). 
Although SO3, one of the products of photooxidation of SO2, was hypothesized to 
compromise the active sites of TiO2 leading to decreased reactivity [13–14], statistical 
analyses of our data showed that the removal efficiency of SO2 among the 10 repeated 
reaction cycles was similar (Fig. 3).  At the end of individual 120-min photocatalytic reaction 
cycles, the silicate coating with 5% TiO2 photocatalytically removed 3.3–14.8% of the initial 
SO2 (Fig. 3a).  On the other hand, the coating with 15% TiO2 reduced up to around 40% of 
the initial SO2 (Fig. 3b).  The inset of Fig. 3b shows the temporal trend of averaged SO2 
concentration of 10 repeated reaction cycles, which follows a fashion of pseudo-first-order 
reaction kinetics with reduction in SO2 mainly occurring in the first 60 minutes; additional 
60-minute measurements after the temporal concentration trend in SO2 leveled off (Fig. 3b) is 
to more accurately determine the kinetics feature (i.e. pseudo-first-order reaction kinetics) 
and the corresponding rate constant of 2.6×10-3 min-1.  This should not be compared against a 
reported pseudo-first-order rate constant (2.8×10-2 min-1) [13] because incomparable 
experimental conditions can substantially affect resultant data; the major differences in 
experimental setup of this work vs. the earlier study include light source and intensity (250–
2500 nm of 56–66 mW/cm2  vs. 365 nm of 5.3 mW/cm2), distance between sample and light 
source (27 cm vs. 15 cm), types of specimens (TiO2-contatining silicate coating on mortar 
specimens vs. TiO2 powder), and the initial SO2 concentration (14 ppm vs. 4000 ppm).   
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Photocatalytic degradation of SO2 by oxidants generating from activated TiO2 involves 
various reactions as summarized in Table 2. Upon light irradiation with energy greater than 
the band gap of TiO2, electron-hole pairs (ecb- and hvb+) are generated at a rate several orders 
of magnitude faster than their recombination rate (R1 and R2, Table 2), allowing them to 
diffuse to the catalyst surface for further reactions.  The hole (hvb+) interacts with water 
molecules and hydroxide ions (OH-) to produce hydroxyl radical (OHx) (R3 and R4, Table 2). 
On the other hand, the electron reacting with oxygen molecules produces superoxide O2x- 
(R5, Table 2) that undergoes reactions forming other oxidants such as hydrogen peroxide 
(H2O2) and hydroperoxyl radical (HOOx) (R6 and R7, Table 2). While H2O2 can form 
additional OHx through photolysis and reaction with electrons (R9 and R10, Table 2), the hole 
remains as the dominant precursor generating OHx during TiO2 photocatalytic reactions.  The 
last three reactions listed in Table 2 illustrate the typical oxidation of SO2 by OHx and H2O2 
generated from activated TiO2, where SO2-OHx reaction (R11, Table 2) is faster than the 
SO2-H2O2 reaction (R13, Table 2) by a factor of more than 24. 
In general, OH● is a much more forceful oxidant than H2O2, and most responsible for 
oxidizing ambient SO2 with ample water molecules in the troposphere.  Nevertheless, 
whether it dominates over the hole as the major oxidant of SO2 degradation in our reaction 
system is inconclusive especially when data for direct hole-SO2 reaction are unavailable in 
literature.  Although the reaction system in this study has a low RH (in average 2% at 
30±2°C) corresponding to a water content of around 840 ppm (or 610 mg/m3), the associated 
OHx, if generated, is sufficient to oxidize the 14-ppm SO2 during the batch process.  The 
important role of OHx in our reaction system can be supported by others studying 
photocatalytic decomposition of toluene; when water content is below the detection level 
indicating little or absence of OHx, one of the photooxidation end products, CO2, was non-
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detectable [22], demonstrating incomplete mineralization.  This supports the study of Ibusuki 
and Takeuchi [23] who reported that the amount of CO2 increased with increasing water 
content (and thus higher OHx concentration) during photocatalytic oxidation of toluene. 
Hence, the sufficient OHx in our system can bear a prominent role of oxidizing SO2.   
On the other hand, the incomplete photocatalytic oxidation of toluene observed by Luo and 
Ollis [22] implies ineffective oxidation incurred by the hole which is the main oxidant 
responsible for resultant reactions when OHx is absent due to non-detectable water content. 
Limited oxidation induced by the hole is not surprising because it occurs only if reactants 
undergo direct contact with holes on catalyst surface where the hole-electron recombination 
(R2, Table 2) can reduce amounts of the available hole.  In addition, depending on reactant 
types, the hole unnecessarily triggers oxidation, unlike OHx that can diffuse away from the 
catalyst surface to perform non-selective oxidation.  Hence, although the hole has the highest 
oxidation potential of 3.21 V compared to OHx (2.8 V) and H2O2 (1.78 V) [24–25], it may not 
be the most dominant oxidant. 
It is expected that the water content in the atmosphere would determine the ultimate 
photocatalytic degradation efficiency of the TiO2-containing silicate coating.  While an 
increase in water content induced more OHx [22], photocatalytic oxidation of volatile 
organics (m-xylene and toluene) were compromised at water content higher than 1500 and 
6100 mg/m3, respectively because some of the active sites of TiO2 could be masked by water 
molecules [24].  Hence, to infer the performance of the silicate coatings in natural 
environment, further investigation is needed to determine the optimal water content for 
maximum SO2 removal.  Nevertheless, results in this study show promising potential of the 
silicate coating containing 15% TiO2 to remove airborne SO2, a supporting evidence to 
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design future studies evaluating long term performance of the photocatalytic building coating 
material.  
4. Conclusions
Photocatalytic-degradation of SO2 was investigated using 0%, 5%, and 15% TiO2-containing 
silicate coated on mortar specimens.  Photolysis and physi-chemi-sorption removed about 
10% and 30% of SO2 in this study, respectively.  Photocatalytic oxidation alone removes up 
to around 40% of SO2 concentration.  The silicate coating containing 5% or 15% TiO2 
showed reproducible degradation trend among 10 repeated reaction cycles. The silicate 
coating containing 15% TiO2 was twice as efficient in degrading SO2 as that containing 5% 
TiO2.  Over the specimen coated with silicate containing 15% TiO2, a total of 71–86% of SO2 
was removed following a pseudo-first-order reaction kinetics.  The performance of the 
silicate coating with 15% TiO2 shows potential for future application, supporting further 
investigation of the long term performance of the photocatalytic silicate coating in removing 
airborne SO2.   
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Tables and Figures 
Table 1. Properties of the TiO2 1 
Specification Typical Value 
Specific surface area (BET) (m2/g) 50±15 
Average primary particle size (nm) 21 
Density (g/l) Approximately 130 
Ignition loss (2 hrs at 1000 0C) (wt.%) ≤  2.0 
pH-value 3.5–4.5 
TiO2-content (based on ignited material) (wt.%) ≥ 99.5 
1Data source: Degussa P-25, EVONIK Industries AG, Germany 
Table 2. Possible reactions during photocatalytic degradation of SO2 
Reaction Characteristics Reference 
R1 TiO2 + hν→ ecb- + hvb+ Charge-carrier generation in femto 
second 
26 
R2 ecb- + hvb+ → heat Electron-hole recombination in a 
nano second;  
Recombination rate constant: 3.2 
×10-11 cm3s-1 
26–27 
R3 hvb+ + H2O →•OH + H+ NAa 
R4 hvb+ + OH-→•OH NAa 
R5 ecb- + O2 →O2•- kaq: 1.9 × 1013 cm3mol-1s-1 28–30 
R6 O2•- + O2•- + 2H+→ H2O2 + O2 kaq: 8.3 × 108 cm3mol-1s-1 32 
R7 O2+ H•(H+ + ecb-→ H•)→ HO2• kaq: 1.2 × 1013 cm3mol-1s-1 
2.1 × 1013 cm3mol-1s-1 
29–30 
R8 HO2• + H+ + ecb- (H + HO2)→ 
H2O2 
kaq: 1.9 × 1013 cm3mol-1s-1 34 
R9 H2O2 + hν → 2•OH Radiation dependent 33 
R10 H2O2 + ecb- → •OH + OH- kaq: 1.3 × 1013 cm3mol-1s-1 
1.1 × 1013 cm3mol-1s-1 
28, 30 
R11 SO2 + •OH → HOSO2• kg: 20 × 10-13cm3mol-1s-1 (at 298K) 3 
R12 HOSO2• + •OH → H2SO4 NAa 
R13 SO2 + H2O2 → H2SO4 kg: 2.48 × 10-61 cm3molecule-1s-1 
(or 1.5×10-37cm3mol-1s-1) at 300 K  
31 
aNot available; hν: photon; kaq: reaction rate constant in aqueous media; kg: reaction rate constant in gaseous 
phase 
18 
Fig. 1. Schematic of photocatalytic reaction system 
Fig.2. Removal of SO2 through photolysis, sorption onto epoxy or silicate coating, and over 
silicate coating containing 5% and 15% TiO2.  Results of photolysis effects are average for 3 
experiments.  For other experiments shown, each data point represents an average of 30 











































Fig. 3. Photocatalytic degradation of SO2 by silicate coating containing (a) 5% TiO2, and (b) 
15% TiO2.  Results exclude effects of photolysis and sorption of SO2 by the coatings. To 
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